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SUMMARY
Background TAK-438 (vonoprazan) is a potassium-competitive acid blocker that reversibly inhibits gastric H + , K + -ATPase.
Aim
To evaluate the safety, tolerability, pharmacokinetics and pharmacodynamics of TAK-438 in healthy Japanese and non-Japanese men.
Methods
In two Phase I, randomised, double-blind, placebo-controlled studies, healthy men (Japan N = 60; UK N = 48) received TAK-438 10-40 mg once daily at a fixed dose level for 7 consecutive days. Assessments included safety, tolerability, pharmacokinetics and pharmacodynamics (intragastric pH).
Results
Plasma concentration-time profiles of TAK-438 at all dose levels showed rapid absorption (median T max ≤2 h). Mean elimination half-life was up to 9 h. Exposure was slightly greater than dose proportional, with no apparent time-dependent inhibition of metabolism. There was no important difference between the two studies in AUC 0-tau on Day 7. TAK-438 caused dose-dependent acid suppression. On Day 7, mean 24-h intragastric pH>4 holding time ratio (HTR) with 40 mg TAK-438 was 100% (Japan) and 93.2% (UK), and mean night-time pH>4 HTR was 100% (Japan) and 90.4% (UK). TAK-438 was well tolerated. The frequency of adverse events was similar at all dose levels and there were no serious adverse events. There were no important increases in serum alanine transaminase activity. Serum gastrin and pepsinogen I and II concentrations increased with TAK-438 dose.
INTRODUCTION Acid-related diseases, such as gastro-oesophageal reflux disease (GERD) and peptic ulcer disease, are important healthcare problems because of their high prevalence and chronic nature. 1 They result from distinct, but overlapping, pathogenic mechanisms that typically involve the effects of acid on compromised mucosal defences in the gastrointestinal tract. 2 Drug-induced gastric acid suppression is a key component of the management of acidrelated disease. 3 In acid-related diseases, treatment options and their outcome improved markedly with the advent of proton pump inhibitor (PPI) drugs, which remain the standard of care. 1 However, acid-suppressive therapy with PPIs has limitations. For instance, up to 40% of GERD patients respond poorly to standard doses of PPI. 4 Even in those who respond well, maximum efficacy is typically reached only after 3-5 days of standard dosing, and acid suppression remains incomplete. 1, 4, 5 In patients with erosive oesophagitis, healing is often not achieved after 8 weeks of PPI therapy and relapses are common in healed patients on PPI maintenance regimens. 6, 7 Furthermore, PPIs may not control night-time intragastric acidity adequately in all GERD patients, and efficacy varies because of the influence of hepatic cytochrome P450 polymorphism. 1, [8] [9] [10] [11] Finally, owing to a combination of their short half-lives and requirement for activation by acid, PPIs must be dosed in the fasting state, before meals, to be fully effective.
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Potassium-competitive acid blockers (P-CABs), a new class of acid-suppressing agents, are a potential alternative to PPIs for the treatment of acid-related diseases. 5, 11 Like PPIs, the P-CABs inhibit gastric H + , K + -adenosine triphosphatase (ATPase), an enzyme that catalyses the critical final step in gastric acid secretion. 5, 11 However, unlike PPIs, they inhibit the enzyme by reversible K + -competitive ionic binding (rather than irreversible covalent binding) and do not require acid activation within the parietal cell secretory canaliculus. 5, 11 TAK-438 (vonoprazan) is a novel, orally active P-CAB (synthesised by Takeda Pharmaceutical Company Ltd, Tokyo, Japan), which is currently in development as a treatment for acid-related diseases. Its structure lacks the imidazopyridine ring (common to some other P-CABs) that could be linked to liver enzyme elevation. [12] [13] [14] In pre-clinical studies, TAK-438 caused more rapid, more profound and longer lasting acid suppression compared with PPIs or other prototype P-CABs. [15] [16] [17] [18] These characteristics appear to be related to accumulation in gastric glands. [15] [16] [17] [18] In Phase I, single-dose studies in healthy male volunteers, TAK-438 was well tolerated at all doses studied (1-120 mg) and produced rapid, profound and sustained suppression of gastric acid secretion in the 24 h after single doses in the range 20-120 mg. 19 TAK-438 was also shown to have an elimination half-life of up to 9 h and its pharmacokinetics were unaffected by CYP2C19 genotype. 19 In this article, we describe the results of two Phase I studies investigating the safety, tolerability, pharmacokinetics and pharmacodynamics of TAK-438 after multiple rising oral dose levels ranging from 10 to 40 mg once daily for 7 days in healthy adult male subjects in Japan and the UK. The studies were designed to aid the selection of doses of TAK-438 for investigation in Phase II studies in patients with acid-related diseases.
SUBJECTS AND METHODS

Study design
The two trials were prospective, randomised, doubleblind, single-centre, ascending-dose, placebo-controlled Phase I studies to evaluate the safety, tolerability, pharmacokinetics and pharmacodynamics of TAK-438 given in repeated oral doses of 10, 15 (Japan only), 20, 30 and 40 mg once daily in healthy male subjects in Japan (five cohorts) and the UK (four cohorts). The Japanese study was conducted between 21 The doses in the studies were chosen on the basis of pharmacokinetic and pharmacodynamic data from two preceding single-dose escalation studies conducted in Japan and the UK. 19 In both studies, each cohort comprised 12 subjects. Eligible subjects were sequentially block randomised to TAK-438 (n = 9) or matching placebo (n = 3) according to the randomisation schedule that had been generated by the study Sponsor. All randomisation information was stored in a secure area, accessible only by authorised personnel. Investigators and subjects were blinded to each subject's medication, and blinding was maintained throughout the studies. The pharmacokinetic analysis data, to be used for dose escalation, were blinded by the bioanalytical laboratory for provision to the study team. After randomisation, the subjects in each cohort were treated at a fixed dose level for 7 consecutive days (Days 1-7).
After a ≥10-h overnight fast, subjects took the dose with 150 mL (Japan) or 240 mL (UK) water at about 09:00 hours (Japan) or 08:00 hours (UK). Meals were given at 4, 10 and 13 h post-dose (Japan), and 4, 9 and 12 h post-dose (UK) throughout the treatment period. The starting dose was 10 mg TAK-438 and the decision to proceed to the next dose in the next cohort was made after review of blinded safety and pharmacokinetic data from the preceding cohort. The next cohort was dosed only if the preceding dose level had been well tolerated (both studies) and if the predicted mean exposure at the next dose level did not exceed the no-observed-adverseeffect level area under the plasma concentration-time curve (AUC) in dogs (UK criterion only). Placebo was administered using the same number of tablets required to achieve the TAK-438 dose within each cohort. The subjects were discharged on Day 8 (Japan) and Day 9 (UK), and returned for follow-up on Day 15 (Japan) and Day 16 (UK).
Both studies were reviewed and approved by their respective ethics committees and were conducted in accordance with the Good Clinical Practice guideline and all applicable local regulations. All participants gave written informed consent, in accordance with the 1996 Declaration of Helsinki, before their study participation. The studies are registered with https://www.clinicaltrials.gov, numbers NCT02123953 and NCT02141711.
Participants
Participants had to be healthy adult male Japanese subjects aged 20-45 years old (Japan) or Western non-Japanese subjects aged 18-45 years (UK), with a body mass index (BMI) 18.5-25.0 kg/m 2 (Japan) or 18.0-30 kg/m 2 (UK) and body weight ≥50 kg (Japan) at screening. Participants were excluded if they were smokers (UK criterion only); had acid-related disorders or a history of any such diseases, including reflux oesophagitis, gastric or duodenal ulcer, non-erosive GERD, Barrett's oesophagus and Zollinger-Ellison syndrome; had undergone upper gastrointestinal tract surgery or vagotomy in the past (Japan criterion only); had undergone Helicobacter (H.) pylori eradication within 6 months before first dosing of TAK-438 (Japan criterion) or had a positive H. pylori test result at screening (UK criterion); or showed hypoacidity or anacidity (pH ≥ 5.5) at baseline pH measurement (Japan criterion only). During preliminary screening assessment, all participants were assessed for eligibility by inclusion/exclusion criteria, medical history (including tobacco, alcohol and caffeine use), medical examination (including height, body weight and BMI), urine drug toxicology and alcohol screening, 12-lead electrocardiogram (ECG) and H. pylori status using a serum antibody test in Japan or a urea breath test in the UK. Eligible volunteers proceeded to baseline screening (Japan from Day À3 to Day À1; UK from Day À2 to Day À1) and their eligibility was reassessed.
Pharmacokinetic measurements
Serial venous blood samples were collected in heparinised tubes. Plasma was separated by centrifugation at approximately 1500 g at 4°C for 10 min, then frozen at À20°C or lower until analysis. Total urine collections were made on Days 1 and 7 (Japan) or on Days 1-7 (UK). Urine aliquots were frozen at À20°C or lower until analysis.
Plasma and urine concentrations of TAK-438 were determined using a validated liquid chromatography tandem mass spectrometry assay. The TAK-438 lower limit of quantification (LLOQ) was 0.1 ng/mL for plasma and 1 ng/mL for urine.
The main pharmacokinetic parameters included the maximum observed concentration (C max ), time to reach C max (T max ), area under the plasma concentration-time curve (AUC) from time 0 to time tau, where tau equals 24 h (AUC 0-tau ), AUC from time 0 to infinity (AUC 0-inf ), terminal elimination half-life (T ½ ), apparent oral clearance (CL/F), accumulation factor R(AUC) and the accumulation index AI(AUC).
The main urinary pharmacokinetic parameter of TAK-438 was the fraction of drug excreted per 24 h (%Fe).
Pharmacodynamic measurements
The subjects underwent 24-h intragastric pH monitoring at baseline and during the treatment phase [Japan: Days À1, 1 and 7; UK: Days À1, 1, 4 and 7 (48 h)]. Intragastric pH was measured continuously with a pH probe (CM-181; Chemical Instruments, Tokyo, Japan in the Japanese study, or Zinetics Medical, Salt Lake City, UT, USA in the UK study) inserted into the stomach and its position confirmed by X-ray (Japan), or a sharp rise or fall in pH identified the point at which the sensor crossed the sphincter (UK).
Intragastric pH was recorded with a one-channel pH meter (101ZG; Chemical Instruments) or with a Flexilog 2020 ambulatory pH monitor (Oakfield Instruments, Oxfordshire, UK). The primary pharmacodynamic endpoint was the percentage of total time that pH was >4 [pH >4 holding time ratio (HTR)] and pH was >5 (pH >5 HTR), calculated from the intragastric pH in the 24 h after dosing. The night-time pH HTR was defined as the percentage of time pH >4 and pH >5 during the period 12-24 h post-dose (Japan) or 20:00-08:00 hours (UK).
Safety assessments
Spontaneous reports of adverse events were collected throughout the studies from initial screening until follow-up and were assessed for severity and relationship with the study drug. Clinical laboratory tests [serum chemistry, including serum alanine transaminase (ALT) and aspartate transaminase (AST), haematology and urinalysis], medical examination (including body weight) and vital signs were also performed from initial screening to follow-up.
Triplicate 12-lead ECGs were recorded daily up to Day 8 (Japan) and Day 9 (UK) and also at follow-up on Day 15 (Japan) and Day 16 (UK).
In each study, serial blood samples for serum gastrin and pepsinogen I and II assay were taken on Days 1-7 (Japan) and Days 1-9 (UK) and at follow-up (Japan only). Serum gastrin concentrations were measured using a gastrin kit TFB Co., Ltd. at Medichem Business Division, Tokyo, Japan, or L2KGA2 (Siemens) on a Siemens Immulite 2000 analyzer at HMR Analytical Laboratory, London, UK. Serum pepsinogen I and II concentrations were measured using ARCHITECT Pepsinogen I (Abbott Japan Co., Ltd., Tokyo, Japan) and ARCHITECT Pepsinogen II (Abbott Japan Co., Ltd.) on an ARCHITECT analyzer i2000 at Medichem Business Division, Tokyo, Japan or Pepsinogen I (601020.01; Biohit Healthcare, Helsinki, Finland) and Pepsinogen II (601020.02; Biohit Healthcare) ELISA kits on a Grifols Triturus analyzer at HMR Analytical Laboratory, London, UK. In the Japanese study, blood was also collected at 3 h after first dosing for evaluation of CYP2C19 genotype using an Invader assay to detect G681A (*2) and G636A (*3) of CYP2C19 (conducted by Mitsubishi Chemical Medience Corporation, Tokyo, Japan).
Statistical analysis
No formal sample-size calculation was performed. The planned sample sizes (N = 60 in the Japanese study; N = 48 in the UK study) were based on safety considerations and study drug exposure, and were considered adequate for the evaluation of the planned pharmacokinetic and pharmacodynamic endpoints.
The safety analysis set comprised all subjects who received at least one dose of the study drug on Day 1. The pharmacokinetic analysis set comprised all subjects who received the study drug and who had sufficient plasma concentration data to calculate at least one pharmacokinetic parameter. The pharmacodynamic analysis set comprised all subjects who received the study drug on Day 1 and who had sufficient pharmacodynamic data to derive at least one pharmacodynamic parameter.
In the Japanese study, intragastric pH data were recorded every 10 s from 08:30 to 09:10 hours of the following day, then the electrode was removed and its calibration checked using standard pH 4 and pH 7 solutions. The arithmetic mean intragastric pH was calculated at each time point during each 24-h period. In the UK study, data were collected by the pH monitor every 6 s. Post-dose measurements were calculated from the time of dosing. The average pH value was calculated by subject from the data collected over the 24-or 48-h monitoring period. For each 15-min interval, the median pH, mean pH and the standard deviation (s.d.) of the mean pH during the 15-min interval were calculated.
Linear and semilogarithmic graphs of the mean and individual plasma and urine concentration-time curves on Days 1 and 7 were plotted. Pharmacokinetic parameters were derived by noncompartmental analysis (WinNonlin V 5.2; Pharsight Corporation, Cary, NY, USA).
A power model 20 with a fixed effect for regional effect (Japanese vs. non-Japanese) was used to investigate dose proportionality and assess potential regional differences on Day 7. The dose-response relationships for pH >4 HTR, pH >5 HTR and mean pH were assessed by analysis of covariance (ANCOVA)/analysis of variance (ANOVA), with the baseline-adjusted pharmacodynamic parameters as dependent covariables/variables and dose group as a fixed effect. Least squares (LS) means were calculated for each TAK-438 dose level and the differences between dose levels on each day. The residual variance from the ANOVA was used to calculate 95% confidence intervals (CI) for the mean differences between the dose levels, which were then back-transformed to provide geometric LS means, point estimates and 95% CI for the ratio of dose levels.
Descriptive statistics were used to summarise relevant pharmacokinetic parameters, pH HTRs, mean pH and serum concentrations of gastrin and pepsinogen I and II in each treatment group. Safety data were summarised by descriptive statistics and by figures or scatter plots. Descriptive statistics were also used to summarise vital signs, clinical laboratory test results and 12-lead ECG findings in each treatment group.
All statistical analyses were performed by using the SAS system, version 8.2 or higher (SAS Institute Inc., Cary, NC, USA). . In both studies, the safety and pharmacodynamic analyses sets included all subjects and the pharmacokinetic analysis set included all subjects who received TAK-438.
The demographic and baseline characteristics of the subjects in both studies are shown in Table S1 . As expected, the subjects in the UK study had higher mean body weight than those in the Japanese study.
All subjects in the UK study, and those in the placebo and TAK-438 30 mg treatment groups in the Japanese study, were H. pylori antibody negative. In the Japanese study, H. pylori antibodies were positive in one subject each in the 10, 15 and 20 mg treatment groups and in three subjects in 40 mg treatment group. No subject had previously had any serious gastrointestinal illness or surgery, nor did any subject have gastric hypoacidity.
Pharmacokinetic data
At all dose levels, the plasma TAK-438 concentrationtime profiles showed rapid absorption, with median T max ≤2 h under fasting conditions. Mean elimination T ½ ranged from 5.7 h on Day 1 to 7.0 h on Day 7 (Japan) and from 6.1 h on Day 1 to 8.8 h on Day 7 (UK; Figure 1 ; Table 1 ). T ½ and T max for TAK-438 were independent of dose. Pharmacokinetic parameters for each dose were similar on Days 1 and 7 (Table 1) .
Mean AUC 0-inf and C max on Day 7 increased slightly more than dose proportionally over the range 10-40 mg. Dose proportionality of C max and AUC 0-tau was compared between the Japanese and UK subjects using a power model. There were no significant differences between Japanese and non-Japanese patients, as the twosided 95% CI of region effect for both slope and y-intercept after logarithmic transformation included zero in the case of both C max [À0.422 to 0.123 (slope) and À0.351 to 0.340 (y-intercept)] and AUC 0-tau [À0.383 to 0.142 (slope) and À0.058 to 0.609 (y-intercept)] ( Figure  S1 ).
Mean AI(AUC) was 1.1-1.2 in both studies, so only minor accumulation of TAK-438 occurred during repeated dosing (Table 1 ).
An exploratory analysis of the Japanese data compared dose-normalised AUC 0-tau on Day 7 among the different CYP2C19 genotypes ( Figure S2 ). No correlation was found between CYP2C19 genotype (*1/*1, *1/*2, *1/*3, *2/*2, *2/*3, *3/*3; Figure S2 ) and AUC 0-tau .
Urinary excretion of unchanged TAK-438 in the 24 h after dosing on Day 7 was low after all doses. The fraction of dose excreted (%Fe) was 4.0-6.3% in Japan and 4.0-4.4% in the UK.
Pharmacodynamic data
The pharmacodynamics results were similar in the Japanese and UK studies.
On Day 1, there was dose-dependent elevation in mean intragastric pH (Figure 2 ). The onset of the increase in pH was rapid -at all dose levels, mean intragastric pH was >4.0 by 4 h after the first dose. The rapidity of onset was dose dependent, with the higher doses clearly having an earlier effect on pH than the lower doses did. The acid suppressant effect of TAK-438 persisted throughout the 24-h interval before the second dose on Day 2, whereas, pre-dose pH on Day 1 was approximately 2.0, the corresponding pH values on Day 2 showed dose-dependent increases compared with placebo. In both studies, the normal tendency for intragastric pH to fall during sleep was attenuated by TAK-438 in a strongly dose-dependent fashion.
The mean intragastric pH-time profiles on Day 7 of repeated dosing with TAK-438 showed that pH before dosing and in the first 4 h afterwards were higher than at the corresponding time points on Day 1 -the increase in pH was strongly dose dependent (Figures 2 and 3) . After the 20, 30 and 40 mg doses of TAK-438, intragastric pH during the 12-h night-time period tended to be higher on Day 7 than on Day 1, particularly in the Japanese study; after the 10 and 15 mg dose (Japanese study only), intragastric pH during the night-time period on Day 7 remained as high as it had been on Day 1, but did not increase further (Figures 2-4 ; Table 2 ).
The 24-h HTR increased dose dependently and similarly in both studies.
Mean pH >4 and pH >5 HTR after the 40 mg dose on Day 1 were 85.3% and 78.3% respectively (Japan) and 85.6% and 73.1% respectively (UK). Corresponding results for mean pH >4 and pH >5 HTR on Day 4 were 94.0% and 88.6% respectively (UK only) and on Day 7 were 100% and 98.6% respectively (Japan) and 93.2% and 85.0% respectively (UK) ( Figure 5 ; Table 2 ).
Night-time acid suppression was greatest during the 40 mg dose regimen: mean pH >4 and pH >5 HTR from 12 to 24 h post-dose on Day 1/7 were 86.5%/100.0% and 73.6%/97.2% respectively, in the Japanese study and from 20:00 to 08:00 hours on Day 1/4/7 were 87.7%/91.0%/ 90.4% and 65.6%/84.1%/77.5% respectively, in the UK study (Figure 4 ).
Safety
Nine of 60 subjects in the Japanese study experienced one or more treatment-emergent adverse events [one event each of increased serum uric acid (placebo), increased neutrophil count (placebo), increased serum 30 mg)], with no relationship between dose and the incidence of adverse events. There were no serious adverse events in either study.
There were no abnormal changes in urinalysis, vital signs, medical examination or ECG. In the Japanese study, there was one occurrence each of increased Table 1 | Pharmacokinetic parameters of plasma TAK-438 on Days 1 and 7 of dosing with TAK-438 10-40 mg once daily at a fixed dose level for 7 consecutive days in healthy male subjects in Japanese and UK studies (Pharmacokinetic analysis set: Japan N = 60; UK N = 48) Parameter 10 mg (n = 9) 15 mg (n = 9) 20 mg (n = 9) 30 mg (n = 9) 40 mg (n = 9) serum uric acid and one of increased neutrophil count (placebo), one each of increased serum triglycerides and decreased white blood cell count (TAK-438 15 mg) and one of increased eosinophil count (TAK-438 30 mg). These were recorded as adverse events (see above). In the UK study, there were no clinically relevant changes from baseline in any laboratory value from Days 2 to 9 at any dose level of TAK-438. There were no clinically important increases in ALT, AST or total bilirubin in either study. ALT, AST and bilirubin baseline data and changes from baseline on Day 8 are given in Table S2 . Serum concentrations of gastrin and pepsinogen I and II increased in both studies during treatment with TAK-438 at all dose levels studied ( Figure 6) ; however, there was no clear dose-response relationship for this treatment-related effect. Mean concentrations of gastrin, but not of pepsinogen I or II, were approximately twofold higher in the Japanese subjects than in the UK subjects, both at baseline and after repeated dosing with TAK-438. In the UK study, gastrin and pepsinogen I and II concentrations remained elevated at 24 and 48 h after the final dose. In the Japanese study, all three analytes had returned to baseline levels by the follow-up visit on Day 15 or 16.
DISCUSSION
We evaluated the repeated-dose safety, tolerability, pharmacokinetics and pharmacodynamics of TAK-438, a novel P-CAB, in healthy adult male subjects in two double-blind, placebo-controlled studies in Japan and the UK. As the results of both studies were very similar, they are reviewed together in this section. TAK-438 was safe and well tolerated in multiple rising dose levels of 10-40 mg once daily for 7 days.
Median T max of TAK-438 was ≤2 h and estimated median T ½ was ≤9 h. Plasma concentrations of TAK-438 increased slightly more than dose proportionally. The mean AUC of TAK-438 increased between Days 1 and 7, Table 2 | Dose-response relationship for mean 24-h intragastric pH >4 and >5 holding time ratio [HTR (%)] during the 24-h dosing interval and during the night-time period in healthy male subjects who received TAK-438 10-40 mg once daily at a fixed dose level for 7 consecutive days in Japanese and UK studies (Pharmacodynamic analysis set: Japan N = 60; UK N = 48) but AI was <1.3 for all doses and so the accumulation was minor and unlikely to be clinically relevant. As noted in a previous single-dose study, the pharmacokinetics of TAK-438 were not sensitive to CYP2C19 polymorphism. 19 The intragastric pH-time profiles after the first dose of TAK-438 showed a rapid onset of acid suppression that persisted for the entire 24-h monitoring interval at all dose levels studied, and there was a clear doseresponse relationship for mean pH ≥4 and pH ≥5 HTR. Profound acid suppression was achieved by the 40 mg dose level: pH >4 HTR was >85% on Day 1, 94% on Day 4 (UK only) and >93% on Day 7. pH>5 HTR was >73% on Day 1, 89% on Day 4 (UK only) and ≥85% on Day 7. Of particular note, the pH >4 HTR during nighttime on Days 1, 4 and 7 at the 40 mg dose was ≥87%, 91% (UK only) and >90% respectively.
Intragastric pH >4 HTR is a widely accepted predictor of efficacy of treatments for GERD. 21, 22 In models based on clinical trial data from patients with erosive oesophagitis using a range of acid-suppressing drugs with different mechanisms of action, pH >4 HTR has been shown to be a good predictor of healing at 4 or 8 weeks. 23 Based on those models, a 100% rate of healing would be predicted after 4 weeks with a pH >4 HTR of ≥90% or after 8 weeks with a pH >4 HTR of ≥75%.
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In both studies, the normal tendency for intragastric pH to fall at times when nocturnal acid breakthrough would be expected in healthy people and in those with GERD (22:00-06:00 hours) 24 was attenuated by TAK-438 in a strongly dose-dependent fashion (Figures 2 and 3) . As regards the time dependence of the effect on intragastric pH, the suppression of gastric acidity tended to increase from Day 1 to Day 7 at the 20, 30 and 40 mg dose levels, and was fully maintained on Day 7 at the 10 and 15 mg dose levels. Thus, there was no evidence of the development of tolerance to TAK-438.
Serum gastrin concentrations in these studies were similar to those seen during PPI therapy. 25, 26 The higher concentrations in the Japanese subjects are unexplained, but might simply reflect random variation; the effect of treatment on gastrin concentration was not a prior hypothesis. Pepsinogen I and II concentrations did not indicate corpus atrophy in any subject at any dose level. Importantly, TAK-438 did not increase serum ALT levels, probably because its chemical structure differs significantly from other P-CABs, such as AZD0865, which increased ALT in some patients with non-erosive reflux disease.
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The steady-state 24-h pH HTRs in our studies (mean pH >4 HTR for the 40 mg dose on Day 7: Japan, 100%; UK,~93%) suggest that TAK-438 at the 40 mg dose level may cause more profound gastric acid suppression than that reported after PPIs. 26 Thus, the results reported here suggest that TAK-438 could surpass the best currently available gastric acid-reducing treatments in terms of early healing rates and fewer severe cases of erosive oesophagitis. Although the two studies reported here were conducted in healthy male subjects, the rapid and sustained inhibition of gastric acid secretion by TAK-438 justifies the further investigation of its efficacy in the treatment of patients with acid-related disorders. The results were used to guide the choice of doses for evaluation in a Phase II trial of the efficacy and safety of TAK-438 5-40 mg compared with lansoprazole 30 mg in patients with erosive oesophagitis. 27 The current profile suggests that TAK-438 might have advantages over existing acidsuppressing drugs, such as maximum efficacy after the first dose, prevention of nocturnal acid breakthrough, reduction in night-time gastric acidity and the ability to dose at any time regardless of meals.
In conclusion, in these two Phase I studies in healthy male subjects, TAK-438 at multiple rising dose levels of 10-40 mg once daily for 7 days produced rapid, profound and sustained suppression of gastric acid secretion and was well tolerated. The intragastric pH HTRs on Day 7 showed good pH control throughout the 24-h dosing interval (pH >4 HTR >83%), including during the night-time period (pH >4 HTR ≥73%) at the clinically recommended dose of 20 mg, with even greater acid suppression observed with daily doses >20 mg. The results justify further investigation of TAK-438 in patients with acid-related disorders.
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